This equation can be solved using the same method used to solve the differential equation for the spring-mass system in Part 1.
Assuming that the solution has the form , and substituting it into Eq. (2) Examining this equation leads us to conclude that, depending on the value of , the roots will either be real or complex. The damping coefficient for which the expression under the square root is equal to zero is defined as the critical damping coefficient , and is given by ... Eq. (6) Also, the dimensionless number , called the damping ratio, is defined such that ... Eq. (7) Eq. (5) can be rewritten as ... Eq. (8) The damping ratio allows us to determine whether the roots are real or complex, which determines the type of response the system displays.
In this case, the roots are a pair of complex conjugates and can be written as ... Eq. (9) and ... Eq. (10)
Using the same steps used to arrive at the solution for the spring-mass system, the solution for the spring-mass-damper system can be written as ... Eq. (11) which, using the Euler identity, can be written as ... Eq. (12) where and are constants that can be determined using the initial conditions. Additionally, the term , called the damped natural frequency, is defined as ... Eq. (13) Using the initial conditions, ... Eq. (14) and ... Eq. (15) we can obtain the following equations for the two unknowns and ... Eq. (16) The form of Eq. (12) shows that the position has a sinusoidal vibration that decays over time.
The following plot shows the system response for a mass-spring-damper system with . ( From this plot it can be seen that the amplitude of the vibration decays over time.
In this case, the roots are a pair of real numbers and can be written as The following plot shows the system response for a mass-spring-damper system with . The initial conditions and system parameters for this curve are the same as the ones used for the underdamped response shown in the previous section except for the damping coefficient which is 16 times greater.
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Response for damping ratio=2 Response for damping ratio=2
From this plot we can see that the response decays more quickly than the underdamped response shown in the previous section. The larger damping leads to quicker energy dissipation and does not allow the system to vibrate.
In this case, the damping ratio is equal to 1 and the roots of Eq. (4) are ... Eq. (22) The solution for the system is ... Eq. (23) where the constants and are given by ... Eq. (24) and ... Eq. (25) The following plot shows the system response for a mass-spring-damper system with . The initial conditions and system parameters for this curve are the same as the ones used for the underdamped and overdamped responses shown in the previous sections except for the damping coefficient.
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Response for damping ratio=1 Response for damping ratio=1
This case separates the oscillatory case from the nonoscillatory case. It is also the case that provides the fastest return to the equilibrium position without oscillation.
The following plot shows an overlay of the three plots for the different coefficients given above.
Overlay of Under, Over and Critically damped responses Overlay of Under, Over and Critically damped responses
For the following plot, the damping ratio can be changed by changing the spring stiffness and damping coefficient using the gauges shown below. The initial conditions and parameters are the same as for the plot shown above, except for the spring stiffness and the damping coefficient which can be adjusted. 
Examples with MapleSim
Solution:
Since the angle is small, we will assume that the spring stretches and compresses in the horizontal direction only. Hence the force due to the spring can be written as and the force due to the damper can be written as Taking the sum of the moments of force about the pivot we get where is the moment of inertia of the pendulum. This equation can be rewritten as Since this is never actually becomes 0, we need to define what we consider as "diedout" oscillations. For example in this case we can say that the oscillations have died out once the amplitude of the oscillations is less than 0.0035 rad (2 percent of the initial displacement).
21.08209418
Therefore, the required damping coefficient is about 21 N$s/m.
Graphical solution
An alternate method is to plot the displacement as a function of time and vary the damping constant until it appears to have died out at about 3 seconds. For the following plot, the slider can be used to adjust the damping coefficient to find an approximate value of the damping coefficient which causes the oscillations to die after 3 seconds.
Damping
Coefficie nt This damping constant value will be varied to find the value that satisfies the problem specifications.
Step 5 Step 6: Run the Simulation Click the Probe attached to the Revolute joint and select Angle, Speed and
Acceleration to obtain plots of the angular position, speed and acceleration vs. time.
In the Settings tab, change the Simulation duration to around 4 s to make the plots that are generated easier to read.
Run the simulation.
Repeat the simulation by varying the value for the damping constant to find the value that satisfies the specifications.
The following video shows the visualization of the simulation. [kg]
Solution:
The equation of motion for the mass can be written as or The minimum damping coefficient for which the system will not oscillate can be determined by finding the value of the damping coefficient for which the damping ratio is 1. Using Eq. (7) we get the following equation which can be solved to find the required damping coefficient. 
MapleSim Simulation
Step1: Insert Components
Drag the following components into the workspace: 
